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A method of obtaining an image of the phase 
change introduced by an object in penetrating 
radiation incident on the object includes 
irradiating the object with penetrating radiation 
having high lateral spatial coherence, and 
receiving at least a portion of the radiation at a 
detector after the radiation has emerged from the 
object and thereby obtaining and storing at least 
two intensity records for the received radiation 
each including intensity values at predetermined 
intervals. These values are utilised to derive a 
grid of values defining an image of the phase 
change introduced by the object in the 
penetrating radiation. The intensity records are 
obtained at a uniform finite distance after the 
radiation has emerged from the object, and are 
for respective different energy distributions of the 
detected radiation. Apparatus is also disclosed. 
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5(J!. v) = S 4 '(v)cxp(-a 3 M 0 )[l - R Vjy(v)+ Rcr 1 V>„], (29) 

flU ri fi^T^MmcD^liiC^y * h;5>M£Vvr*>tK Mo = J/z(n ,z',vo)dz' 
. <^o = J 6 (rx ,z*,vo)dz' Sr«bTV>5 0 5£( 2 9 ) ^*5it^^«([]) l*I<£>*^ 
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^^ftoT) ®mX«%Z<DX*2bM, ^(2 9)ttl*o^Wro«D^(7) 

i 5 ftiUtitA^ftSffiffi^^itS w i 5, mm. ^Jx.^s(R, v) 
-v V, = i-r-/?[Vly h (v)-7tHvV-(v B )] 

mv)r5"(v 0 )r 

'"fltfH¥o (r± ) fi^ry^s^ (30) *ffi<zb\z£Vft£. (jutimm. 

iJiaiN-S^lf^&So ASW^^-^tf^fr^ftS^ (3 0) 

2<*<Dm$L&<Dtta = v./.vjt«; (3 1) W^S&K^Jfc^ «t 

otM^tl^rt^ (3 0) RTfi (3 1) d^Mb^-efcS. M^&l^T 

^tih(Dim^, & (3 0) M^T^fB^S^ili^-- *K:*3tt5^7^ 
SflSfcO, ^ i o2o03SJS5x-^^rHl(7)^^f^h-efe§^^fc t> x ftot, fits 
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mmte&m&wm^nmz.Atizz. t&x%z> 0 (22) <d- mw <d 

M*S(Mr L ,R,v) - S(r x , v) = -K'V X • [5(r x , v)V x y(r x ,iO] >, (32) 

rrtf, m= (r,+r) /R.ft^t^wittfc^o R' = (R. ' +r" 
) ' ^r. fMt^^f**-? <Dmfcx&z> 0 (32) ^b^yss-in^u 
±3zg<Dj: oKwm&mtb, ^ (30) ^bTin^te+i^-f-s^ry^^ 

j£«r#5£ ^ttflB^T?*>«Js (r± , v) ( r ± , v) = 

in 2 

¥ (n, v) -n / (2R.) ^>9#X., R£rR' ld^t»#^ v 
y , _ wjo-^j 5(Afr x ,/? ) v)r S»(r A .v.) T" 

7 ~ M ^(r x ,v) U(Afr JL ,i?,v a )J * C3) 

»SaJ3£*I^Ti-S^i:^Rrffit?fc5o -hIBsS (3 0) (3 2) 

mi&frb(Dm$&fem^&tcfr(DxmK^^xmm^%^b&m^-tz> 0 ~~x 

expHr 3 ^ ) } s expl-cr^jp - o'Mfa )], (34) 

ifr-Ct, | a 3 M 0 ' (r J | <<lt ! &5o ^A^^V^/H-Al+i-a^: 

— #^«Mo' (rx ) te*^&>5 <H£^£tt3 0 
*IO^^PX(Di£M^^V^T(i, ilMo' (r±) ^MI-r^fcfe^SiRLT 



(28) #82 0 0 1 -5 0 6 1 6 0 

k£v\ ^lt, {iti^i-6^^* 0 Ty^@^tt©^: (29) frhmm 

j^ S ont ( v ) =s m ( v ) e x p {-a 3 A^} ^fflV^T, ^W45i^^ 



/(/?)- f 5"" (v)[l -*V]y (v)]dv 

-VV 0 = — ? — : ; • (35 > 

x * /ej5""(v)o- 2 dv 

ftoT, ±fS{£*@J« (3 5) Att^tt#'i-4^#^-r^ 

s'" (v) RXfiV™ (v) ^^^-5VNTiE^-Cfe?.o ) tcfzl 
0(Z)#^pf#I (R) =1 (r.J. , R) =j"S (rx, R, v) dv^olj" 

fc2o<^#fe(D®f^^^ott^i i^t#5 0 ^ (3 4) £r5£ (2 9) fcftA 
« -6M 0 ' - cV^,, + dMtflVo = o. (36) 

out 2 in 

a = I (R) -IS (v) [1-RVx ¥ (v) ] dv. 

out. 2 in 3 

b=-JS (v) [1-RVx ¥ (v) ] a dv, 

out 2 oul. B 

c=RjS (v) cr d v % S-IJ^d =- J S (v) a dvt'fc5o 

in in 

(^T'gS^PO^Sj (v) (v) , j = 1 , 2(d t fco-C!Bx!!£ 

tbfc) MftS*-^ b7l/MH^^-r^)Altt^A^fflV^T«lJ^$fLfc2 0(Dilft 
Ij (R) , j=l, Mo' fi5£ (3 6) (D^jS-rSM^^ 
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out 2 in 

aj=Ij (R) - I Si (v) [1-RVx ¥j (v) ] dv, j=l, 2 

rtb^cD^ti. X^SMfrfB^ 3£Jt$t^@5£ (Transport of Intensity eq 
uation) ^fflV^T. ^#^^ofc@^fiZ:g-e#b^5#fellI#^bS^^ttS ^ 

otlff^tbS-^^T^, ^(D*^ h/^it^W^^tt^y (prio 
ri) i LT£pibtv0^ 0 r©T^n-f«, £fl£L<te, l&ffiM (phase r 
etrieval) Mm^^tftU (source) C0^«^J^^^#'|4|5^^-a T^fe5 

^"^/fe'fitS^ (phase -contrast) ^TJ^HX^ (absorption-contrast) 

(2) (M*J^ *K^A-vy^>.f/WHb 

AM*?— A-e^o-C % {^ft< £ t 2 0(7)^^=¥(D U-^v 5 (t^ : ItS4§) "l 3 ^ 
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mm) &5VM*#fe«&tj^$i 

71/ ^ % #ij x. * tv MJS L&i^cCDt&tb^D<7)iu ld@E« £ fttc s> 9 F 
5Alt^lt^W#tt{i:^y (priori) <^LT*P^tt-CV^ 0 

/^ifeCO^^^ h/^^JCO-T^n^^Vi/— >■ (deconvolution) % fe^V^iltl 
t^t:^5 0 y^^m^T^ (Bayesian) fl?#f I^So < £ fb ft ^fjf^ft^lfe t £fc 



■fWxjr)] -*(f,.p - ^(x,y)expprXR l (V*-f/)]Q(f II ,fp, 



(39) 



(31) 
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y ) = F[q(x, y)]^3ol^T??q£-r£K i: V>ofc^j£*£Sffl-f-3o r<Dff^ 
^ttl5^f->^©^ bft5ffoSlk:o^-Cf3u 1 9 7 5^®J. M (Co 
wley) Kl£5[e]iFfM : TA^f;^) ^#^^tLfcV\ Higi" 

SairaW^lra^fi^fc, 1 9 9 7^0*°^^ (Pogany et al) ^£3, Rev 
. Sci. Inst. 6 8, 2 7 7 4 - 2 7 8 2 td&JLft £*l3 0 

eiilli, <*> (x, y) t (x, y) (x, y) t (x, y) 

i-/h^V^tf^i-fl«\ q (x, y) - 1 + i <t> ' (x, y) - /x ' (x, y) 
i:lE3z!!-rsr ^^-e^§ o <f> ' (x, y)=- 4> (x, y) t (x, y) 

-e& "9 , ^-o M ' ( X) y) 

= M (x, y) t (x, y) /2-e&3 0 fraiSHlkW 7— y ^$lf^ ^flL 
Q(f,, f > )^5(fx, f,)+i$' (fx,f,)-M 5 (f x, f y ) ki~Z>^ £ld«fc 



rr(31*5V^-Cv %(f.,f,) = JC*R. (f. + f » )-efo^> 0 S (40) »t 



5^ t^-e^^o 



(40) 



I -1 -24'* &~-*[iin(x)l - 2 M ' * ^-'tcosCx)). 



X4t) 



.rq-i)l 

2sin(x)J' 



(42) 
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sin(Xj) cos(x 2 > - 



sin(x a ) cosfo) 



lit « 5^' 





X, 


5r<I,-D sin(x a ) - -S^CLj-l) sinCc.) 




sin{x,) cosfc,) - 


V 


sin(x 2 ) cos(x,) 



(44) 



(45) 



&}t£^ ; ry £ thX V ^ 5 „ 
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154nm (CuK.Mt) "Cfc t) , V-* ■ to#ffl(g«2Ltf 
• W&WKESlRi =R* = 0. 2mtfc^ Lfd^tR' = 0 . 1 m^oM= 
2-e*>9, ^J&^XjMKO^ag-CfcSi t&UfetSfrltc (8 2) „ 6 
4 0 X 6 4 0 Atm'^lMX-efotK 0 4 ^ ^ £ ftfcWW® (x,y,0) ± 

Kfit. [-0. 8667, 0. 6706] 9 i?T ^X*&>^tl 0 

®^5pffi±<D3SiJt^ I (x,y,R 2 ) tt, rcO^ N 1 2 8 X 1 2 8li©^' 
U 5/ K (grid) _hT% (Fresnel) ( 7 _b) 5:iftJH-3 £ £ K <£ «9 

f+|f£;ftfc 0 #e>tbfe»S^I (x,y,R 2 ) <7)^-/Wk£nfc®W I ( 
x/M.y/M.RO 05 (^^tb"CV>S 0 Jfcig?<£>fca6, (fctB^^^T 
>■ (Laplacian) <Dflr& £ tlltftfG . -V * (x, y, ()) ^nyh^ £*L 

Am&'l^ifr&fc&^Xitt (16) ^iE^-C&Sr. <b£»WTV^ 0 

I (x, y) = - 1 . 647+3 X exp { - (x' +y' ) / (2 * 1280' ) } 
SS^ffifis [1, 1. 1 2 4 3] cD*SH£:tL-tv^ 0 ®^ffi_kco3^^ 

i (x.y.R.) ^u^m^wm-r^^ tizz. *>mw-^tiit 0 &$&m 

<Dmb—m±. ttfe-tZmmz (vignetting) J £S;$3L (08) , 

«r' = o. lm-erat^iru (2) ^iiffl-rsr tui 0, %t*n. 
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gjflfe01l2 

H10-15S, ^SM^Rs ki&ttS 2o©M{t^^£ffi&tJ«l<£>[Hj 

^(D^f^^LTl^. P^HX U t) X U t) tUtit 

CSIROWP^ (fflM:logo) ffll^tbTl^ (^Mil, 010, 
) „ fl(f#t-OV^tt, IftttO. 0 (HQ XttO. 1 (6) <7^-f tT^-Cfe *9 s ff 
^ (|WPi) ^OV^Tfi-O. 1 (#) XI10. 0 (fi) (DV^i*tt36»-efc«o 
Wife (3ft&#fiJ) 1 AoMi, 0. 2X0. 2mm 2 (512X512® 

Hf ) ^Wc, ^LTR 2 = 80cra (El 12) ^I5R 2 -160cm (013) "C 

5) SrjgfflU ^^{i^V^WfTD, ^e«t*#5> Ell 4, 15 
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